Introduction {#s1}
============

Parenting a child with a developmental disability, especially one with associated challenging behaviors and long-term needs, can have a negative impact on health and well-being for family members ([@B1]). There is some emerging evidence that this may be especially true for biological mothers of children with fragile X syndrome (FXS). FXS, which results from a trinucleotide repeat expansion (CGG) of over 200 repeats at Xq27.3 on the upper end of the *FMR1* gene, is the most common inherited form of intellectual disability and is highly co-morbid with autism, anxiety, aggression, and ADHD ([@B2]). As many as 30% of males with FXS engage in aggressive behaviors severe enough to cause injury to a parent or sibling ([@B3], [@B4]), adding to significant parental stress. Although both parents are affected by stress related to caregiving, biological mothers of children with FXS may be especially vulnerable. Biological mothers of children with FXS are almost always carriers of an *FMR1* expansion, usually in the premutation form (defined as having 55--200 CGG repeats). It is now accepted that individuals with a premutation are at increased risk for several health problems. Two known conditions---fragile X--associated premature ovarian insufficiency and fragile X--associated tremor ataxia syndrome---are present in around a third of individuals with an *FMR1* premutation ([@B5], [@B6]), and increased rates of a host of other physical, emotional, cognitive, and reproductive challenges have been reported ([@B7]). This may be especially true for women with mid-range (\~80--100) premutation expansions ([@B8]--[@B14]). Recent studies also suggest that premutation carriers are at heightened risk for stress-related illnesses ([@B15], [@B16]) as the result of the disruption of *FMR1* protein development and possible subsequent differences in HPA axis regulation ([@B15], [@B17]). This increased stress vulnerability may lead to more adverse mental and physical health outcomes for mothers ([@B8]--[@B10], [@B18], [@B19]), in response to behavior problems in their children ([@B20]). This dual vulnerability of known genetic risk coupled with the chronic elevated stress related to raising a child with significant behavioral and developmental challenges can negatively impact well-being for both parent and child and may increase risks for later-onset fragile X--associated conditions.

Because of this growing concern, researchers and clinicians are publicly calling for innovative, empirically based stress reduction interventions for this population ([@B21]). Third-wave therapies, such as acceptance and commitment therapy \[ACT; ([@B22])\], and mindfulness-based therapies ([@B23], [@B24]) hold promise as methods to reduce stress in caregivers of individuals with intellectual or developmental disabilities ([@B25]--[@B30]). A convincing body of evidence shows that mindfulness interventions are effective in reducing depression, anxiety ([@B31]), substance abuse ([@B32]), stress ([@B33], [@B34]), and insomnia ([@B35]). Most relevant for parents managing a potentially difficult diagnosis in their child, mindfulness and acceptance intervention techniques can promote psychological flexibility and acceptance ([@B36]), increase parent satisfaction with their parenting skills ([@B29]), and decrease challenging behavior in the children ([@B29], [@B37]).

These findings have intrigued researchers and clinicians who support parents of children with disabilities ([@B26]) and has led to increases in research to understand the potential protective role of acceptance and mindfulness for these parents. Recent studies explored the mediating role of acceptance and mindfulness processes in parents of children with autism spectrum disorder, intellectual disability ([@B38]--[@B41]), or both. Findings from these studies showed that both acceptance and mindfulness significantly mediated the relationship between child behavior and parental well-being. Should these processes hold true for mothers of children with FXS, it could provide promising directions for intervention development for this population.

The goal of the current study was to extend previous research on mediating processes (acceptance, trait mindfulness, and mindful parenting) on the relationship between the severity of child disability and maternal outcomes to mothers of children with FXS. We hypothesized that the degree of child disability severity would predict parents\' use of mindfulness techniques, and that varying mindfulness techniques would serve to attenuate the effect of the severity of children\'s disability on maternal outcomes including stress, anxiety, depression, and health symptoms. By identifying psychological processes such as acceptance and mindfulness, which may serve as protective factors for these women, we can better design interventions for reducing stress and protecting the health of mothers with an *FMR1* premutation.

Materials and methods {#s2}
=====================

Design
------

A national survey registry was used to recruit and administer published measures of stress, anxiety, depression, physical health symptoms, trait mindfulness, mindful parenting, and acceptance to biological mothers of at least one child with FXS. This study is part of a larger survey project exploring stress, coping, and mindfulness among women with an *FMR1* premutation.

Participants
------------

Following Institutional Review Board approval, women were recruited from the *Our Fragile X World* (<https://www.ourfragilexworld.org>) registry, a national registry focused specifically on experiences of individuals with FXS and their families. A total of 166 women completed this survey; 11 mothers reported having the full mutation and were removed from subsequent analysis. The respondents were primarily white (90%) and well-educated (67% with at least a 4-year college degree), with an average age of 49.7 years (SD = 7.0). Family income was also generally high, with nearly 40% reporting annual incomes over \$100,000. Most mothers (82%) in this sample had a premutation, though 11% were not tested. Demographic information for participants is reported in Table [1](#T1){ref-type="table"}.

###### 

Demographics of the sample.

                                                         ***N***   **Mean (SD)**
  ------------------------------------------------------ --------- ---------------
  Mother\'s age                                          153       49.7 (7.0)
  Total number of children in family                     155       2.1 (0.9)
  Total number of children with FM or PM in the family   155       1.4 (0.6)
  Total number of children with FM in the family         155       1.3 (0.6)
  Number of co-occurring conditions in family            155       6.4 (3.7)
  Child\'s age                                           321       18.5 (6.4)
  Number of co-occurring conditions among children       322       3.1 (2.6)
                                                         ***N***   **%**
  Mother\'s race (*n* = 155)                                       
     White                                               136       90.1
  Child\'s gender (*n* = 322)                                      
     Female                                              113       35.1
  Mother\'s Education (*n* = 155)                                  
     High school or less                                 11        7.1
     Some college                                        22        14.2
     2-year degree                                       20        12.9
     4-year degree                                       57        36.8
     Graduate or prof degree                             45        29.0
  Family income (*n* = 155)                                        
      \< \$25,000                                        11        7.1
     \$25,000--50,000                                    25        16.1
     \$50,001--75,000                                    27        17.4
     \$75,001--100,000                                   32        20.7
     \>\$100,0000                                        60        38.7
  Marital status (*n* = 155)                                       
     Married/partnered                                   122       78.7
     Divorced/separated                                  25        16.1
     Single/never married                                4         2.6
     Widowed                                             4         2.6
  Mothers\' FXS Status                                             
     Do not have the full or premutation                 7         4.5
     Not tested or I don\'t know                         17        11.0
     Premutation                                         127       81.9
     Missing                                             4         2.6
  CGG repeats (*n* = 155)                                          
     55--69                                              9         5.8
     70--79                                              17        11.0
     80--89                                              13        8.4
     90--99                                              14        9.0
     100--150                                            23        14.8
     151+                                                9         5.8
     Missing                                             70        45.2

There were 322 children represented by the 155 mothers; respondents had an average of 2.1 children (SD = 0.9; range = 1--4), and an average of 1.3 children with FXS (SD = 0.6; range = 1--3). Only nine families reported having at least one child with the PM; these 9 families had between 1 and 3 children with the PM. The mean number of co-occurring conditions among all children in the family was 3.1 (SD = 2.6, range = 0--9), the mean number of co-occurring conditions among families (total among all children) was 6.4 (SD = 3.7, range = 0--21) and mean age was 18.5 years (SD = 6.4, range = 2.4--44.2). Approximately 35% of the children were female.

Compared to those in the larger database that were invited to the survey but did not participate (N = 551), those that completed the survey were more likely to have higher education (*p* \< 0.01) and higher income (*p* \< 0.001). There were no differences by age, employment status, or marital status by survey completion.

Measures
--------

Survey items included a module for women to update basic demographic information regarding family income, education level, number of children with and without FXS, and the mother\'s CGG repeat number. If they did not know the exact CGG repeat number, we asked them to indicate the range (55--69; 70--79; 80--89; 90--99; 100--150; 150+). A little over half (55%) were able to report on their CGG repeat number.

### Severity of child disability

As a proxy for the severity of the children\'s disability, we used a count of the number of co-occurring conditions for which each child in the family has been diagnosed and treated, Mothers responded whether each child has been diagnosed and treated for autism, anxiety, hyperactivity, aggression, self-injury, attention disorder, seizures, depression, and/or developmental disability. The total number of co-occurring conditions among children listed in the family were summed regardless of the child\'s FXS status. Although not a direct measure of child behavior challenges, this variable has been used in previous studies as a stand in for the severity of the children\'s disability ([@B42]--[@B47]) and was strongly correlated with measures of child behavior in previous survey studies (0.65, *p* \< 0.001).

### Stress

The Perceived Stress Scale \[PSS; ([@B48])\] was used as a primary measure of stress. The PSS is a 10-item measure that assesses an individual\'s perception regarding how unpredictable, uncontrollable and overloaded respondents find their lives to be in the past month. Previous studies show good psychometrics, including correlations with other measures of stress ([@B49]).

### Anxiety and depression

The National Institutes of Health (NIH) Patient-Reported Outcome Measurement Information System (PROMIS) measures of anxiety and depression ([@B50]) were used for this study. PROMIS measures have been developed and validated to be psychometrically sound for use in diverse research and clinical settings. The PROMIS short form v1.0-Anxiety 8a measure was used in this study. This version consists of eight items assessing self-reported fear, anxious misery, hyperarousal, and somatic symptoms of anxiety. To measure depressive symptoms, the PROMIS short form v1.0-Depression 8a was used to assess self-reported negative mood, views of self, social cognition, and decreased positive affect and engagement.

### Physical health symptoms

To assess physical health, a series of 12 items assessing the frequency of physical symptoms experienced in the past month were administered. These items have been previously used to characterize physical health in women with an *FMR1* premutation ([@B16], [@B19]).

### Trait mindfulness

The Five Factor Mindfulness Questionnaire--Short Form \[FFMQ-SF; ([@B51])\] is a validated short version of the frequently used, 39-item FFMQ. The FFMQ-SF assesses general mindfulness in everyday life. It measures five constructs of dispositional mindfulness (observing, describing, acting with awareness, nonreactivity, and accepting without judgement). These constructs can be combined into a total mindfulness score. The FFMQ has good psychometric properties for both meditating and nonmeditating samples ([@B52]); the internal consistency for FFMQ items was high in this sample (Cronbach\'s alpha = 0.86). Higher FFMQ scores characterize more mindfulness in everyday life.

### Mindful parenting

To assess mindfulness in the parenting role, we used the Bangor Mindful Parenting Scale \[BMPS; ([@B41])\]. The BMPS was based on the FFMQ, with similar underlying constructs (observing, describing, acting with awareness, nonreactivity, and accepting without judgement) measured within the context of parenting. It was found to have good psychometric properties in a study of parents of children with autism ([@B41]); the internal consistency for BMP items was also high in this sample (Cronbach\'s alpha = 0.83). Higher BMP scores represent more mindful parenting.

### Psychological acceptance

The seven-item Acceptance and Action Questionnaire-II \[AAQ-II; ([@B53])\] was used. The AAQ-II measures the willingness to experience (i.e., not alter the form, frequency, or sensitivity) unwanted events in the pursuit of one\'s values and goals. Satisfactory structure, reliability, and validity of this measure have been reported for a community-based sample ([@B53]). For the current sample, the internal consistency for items on the AAQ was very high (Cronbach\'s alpha = 0.94). Lower AAQ-II scores indicate higher psychological acceptance and flexibility.

See Table [2](#T2){ref-type="table"} for means for the sample across all measures.

###### 

Description of measures.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                                             **Observed data**   **Means of imputed datasets (*n* = 155)**   
  ----------------------------- -------------------------------------------------------------------------------------------- ------------------- ------------------------------------------- ---------------
  General mindfulness           The Five Factor Mindfulness Questionnaire-Short Form (FFMQ) ([@B51])                         143                 79.70 (12.86)                               79.81 (12.50)

  Mindfulness in parenting      Bangor Mindful Parenting Scale (BMPS)\                                                       143                 32.26 (5.93)                                32.19 (5.70)
                                ([@B41])                                                                                                                                                     

  Acceptance/flexibility        Acceptance and Action Questionnaire-II (AAQ)\                                                142                 16.92 (9.50)                                17.15 (9.40)
                                ([@B53])                                                                                                                                                     

  **Maternal health outcome**   **Measured by**                                                                              ***N***             **Mean (SD)**                               **Mean (SD)**

  Stress                        The Perceived Stress Scale\                                                                  145                 16.99 (7.58)                                17.08 (7.39)
                                ([@B48])                                                                                                                                                     

  Anxiety                       NIH Patient-Reported Outcome Measurement Information System measure of anxiety (PROMIS)      144                 19.68 (7.39)                                19.84 (7.31)

  Depression                    NIH Patient-Reported Outcome Measurement Information System measure of depression (PROMIS)   144                 13.86 (6.34)                                13.98 (6.24)

  Daily health symptoms         A 12-item scale measuring the frequency of physical health symptoms in the past month\       144                 9.42 (5.36)                                 9.39 (5.20)
                                ([@B16], [@B19])                                                                                                                                             
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Analysis
--------

The primary objective of this analysis was to test whether trait mindfulness, mindful parenting, or acceptance/flexibility was significantly associated with improved maternal health outcomes, and whether controlling for cross-sectional measures of various mindfulness measures attenuated the effect between the severity of children\'s disability (total co-occurring conditions) and maternal outcomes in mothers of children with FXS. Because we are utilizing cross-sectionally collected data, we do not test the mindfulness measures as potential mediators between the severity of children\'s disability and maternal health outcome, nor can we determine that mindfulness practices precede health outcomes, as we cannot establish the temporal relationships between these domains with the available data. However, a significant relationship between the mindfulness dimension and the maternal health outcome and a moderate reduction in the magnitude of the effect of disability severity may support that the mindfulness dimension has protective effects against the stressors of having a child or children with disabilities.

A series of stepwise ordinary least squares (OLS) regression models were used to test for the association between ([@B1]) children\'s disability severity and maternal stress, anxiety, depression, and physical health ([@B2]) children\'s disability severity and maternal outcomes after separately controlling for the three components of mindfulness.

Statistical analyses were conducted using SAS Enterprise Guide 7.15 (Cary, NC). For 13 of the 14 independent and dependent variables of interest, rates of missing data ranged from 0 to 8%. The rate of missing data for CGG repeat category was much higher, at 45%. Multiple imputation (MI) procedures (25 imputed datasets) were used to generate complete demographic data (rates of missing data: mother\'s age and income = 1%), maternal mindfulness data (rates of missing data for FFMQ, BMP, and AAQ = 8%), and maternal outcome data (rates of missing data for stress, anxiety, depression, and physical health = 7%).

First, covariates of interest including maternal age, child\'s age, maternal education, marital status (married vs. not), income, CGG repeat, number of children, and children\'s disability severity (total co-occurring conditions) were examined in correlation matrices with the four outcomes of interest. Correlations were examined within observed (with missing data) and complete (via imputed) data. Maternal-level variables that were significantly related to the maternal outcome at the *p* = 0.05 level in the imputed dataset were included as covariates in their respective models (correlations using observed and imputed data provided the same inferences). The number of children in the family was always entered as a covariate in subsequent analyses.

To ease interpretability and allow for more direct comparisons across mindfulness measures in the regression models, continuous variables were standardized so that mean = 0 and standard deviation = 1.

In Step 1, each maternal health outcome variable was regressed onto the severity of children\'s disability while controlling for the covariates of interest from the correlation matrix. In step 2, each maternal health outcome was regressed onto the severity of children\'s disability, controlling for covariates of interest from the correlation matrix and the respective mindfulness measure: model A controlled for general mindfulness (FFMQ), model B controlled for mindfulness in parenting (BMP), and model C controlled for acceptance and flexibility (AAQ).

Due to the use of MI, estimates in each of the 25 imputed datasets were pooled across models using PROC MI ANALYZE. Mean adjusted R-squared values were calculated to estimate the total variance explained by each model. Employing the Bonferroni correction for multiple tests (12 tests), a *p* \< 0.004 (alpha = 0.05/12) for the dimensions of mindfulness was considered statistically significantly different from zero.

To explore the change in magnitude before and after controlling for the mindfulness dimension, a percent difference score was calculated \[(β before adjustment--β after adjustment)/β before adjustment x 100\].

Results {#s3}
=======

Preliminary analysis
--------------------

Perceived stress for this sample was high relative to stress in the general population \[5.3%; ([@B54])\] with 38% reporting elevated stress levels according to the PSS (observed mean = 16.99; SD = 7.58). Anxiety was relatively high in this sample, with nearly half (43%) reporting elevated symptoms based on guidelines from the PROMIS measures. Depression was not as much of a concern, with 14% reporting clinically elevated symptoms based on guidelines from the PROMIS measures. Daily health symptoms were similar to other reports of this measure \[([@B16], [@B19]); observed mean = 9.42, SD = 5.36\] with around a quarter (22%) of women reporting more physical symptoms than expected based on the general population of women.

Testing the hypotheses
----------------------

None of the maternal demographic variables, including CGG repeat length, were significantly correlated with stress or anxiety. Maternal education was correlated with depression (*r* = −0.20, *p* = 0.01) and daily health symptoms (*r* = −0.18, *p* = 0.02), and marital status was correlated with depression (*r* = −0.21, *p* = 0.009) and were thus retained for their respective regression models. The total number of co-occurring conditions in the family was correlated with anxiety, depression, and daily health symptoms (Table [3](#T3){ref-type="table"}).

###### 

Correlations among means of imputed datasets.

                                                                            **Observed data**   **Means of imputed datasets**                                                                                                                                                                                             
  ------------------------------------------------------------------------- ------------------- --------------------------------------- ---------------------------------------- ------------------------------------------- ------- ----------------------------------------- ------------------------------------------ -------------------------------------------
  Mother\'s age                                                             −0.12               −0.09                                   −0.01                                    −0.14                                       −0.10   −0.08                                     0.01                                       −0.14
  Child\'s age                                                              −0.14               −0.09                                   −0.003                                   −0.05                                       −0.13   −0.08                                     0.004                                      −0.05
  Marital Status                                                            −0.15               −0.14                                   −0.20[^\*^](#TN3){ref-type="table-fn"}   −0.02                                       −0.15   −0.14                                     −0.21[^\*\*^](#TN4){ref-type="table-fn"}   0.0001
  CGG repeat[^a^](#TN1){ref-type="table-fn"}                                −0.03               −0.03                                   0.01                                     0.04                                        −0.03   −0.03                                     0.001                                      0.04
  Mother\'s education                                                       −0.03               −0.02                                   −0.21[^\*^](#TN3){ref-type="table-fn"}   −0.19[^\*^](#TN3){ref-type="table-fn"}      −0.02   −0.002                                    −0.20[^\*^](#TN3){ref-type="table-fn"}     −0.18[^\*^](#TN3){ref-type="table-fn"}
  Income                                                                    −0.07               −0.02                                   −0.13                                    −0.08                                       −0.05   −0.03                                     −0.15                                      −0.07
  Number of children in family                                              −0.03               0.01                                    0.04                                     0.05                                        −0.04   −0.01                                     0.03                                       0.05
  Number of children with FM/PM                                             −0.11               −0.07                                   −0.02                                    0.04                                        −0.11   −0.07                                     −0.03                                      0.04
  Total Co-occurring conditions in Family[^b^](#TN2){ref-type="table-fn"}   0.15                0.21[^\*^](#TN3){ref-type="table-fn"}   0.21[^\*^](#TN3){ref-type="table-fn"}    0.32[^\*\*\*^](#TN5){ref-type="table-fn"}   0.15    0.22[^\*\*^](#TN4){ref-type="table-fn"}   0.21[^\*\*^](#TN4){ref-type="table-fn"}    0.32[^\*\*\*^](#TN5){ref-type="table-fn"}

*CGG repeat variable not imputed, n = 85*.

*Total number of co-occurring conditions among all children in family*.

*p \< 0.05*,

*p \< 0.01*,

*p \< 0.001*.

See Table [4](#T4){ref-type="table"} for a summary of the OLS regression results. Each set of predictors were jointly predictive of each maternal outcome. The severity of children\'s disability significantly predicted each maternal outcome after controlling for total number of children in the family and where necessary, education and/or marital status: maternal stress: β = 0.18, *p* = 0.04, maternal anxiety: β = 0.24, *p* = 0.004, maternal depression: β = 0.18, *p* = 0.04, and daily symptoms: β = 0.32, *p* \< 0.001 (Table [4](#T4){ref-type="table"}, Step 1: No Mindfulness).

###### 

Stepwise regression results: general mindfulness as protective factor.

                                       **Step 1: no Mindfulness**                               **Step 2, Model A: general mindfulness**                    **Step 2, Model B: mindfulness in parenting**                **Step 2, Model C: acceptance/flexibility**
  ------------------------------------ -------------------------------------------------------- ----------------------------------------------------------- ------------------------------------------------------------ --------------------------------------------------------
                                       β **(95% CI)**                                           β **(95% CI)**                                              β **(95% CI)**                                               β **(95% CI)**
  **OUTCOME IS STRESS**                                                                                                                                                                                                  
  Number of children in family         −0.10 (−0.27, 0.07)                                      −0.06 (−0.20, 0.08)                                         −0.12 (−0.27, 0.04)                                          −0.04 (−0.17, 0.09)
  Total co-occurring conditions        0.18 (0.01, 0.35)[^\*^](#TN6){ref-type="table-fn"}       0.15 (0.01, 0.29)[^\*^](#TN6){ref-type="table-fn"}          0.14 (−0.01, 0.29)                                           0.03 (−0.10, 0.16)
  Dimension of Mindfulness             --                                                       −0.58 (−0.72, −0.44)[^\*\*\*^](#TN8){ref-type="table-fn"}   --0.45 (−0.60, −0.30)[^\*\*\*^](#TN8){ref-type="table-fn"}   0.67 (0.55, 0.79)[^\*\*\*^](#TN8){ref-type="table-fn"}
  *R^2^*                               0.03                                                     0.36                                                        0.23                                                         0.46
  *F (NDF, DDF)*                       2.15 (2, 16.091)                                         26.24 (3, 10543)[^\*\*\*^](#TN8){ref-type="table-fn"}       14.09 (3, 22848)[^\*\*\*^](#TN8){ref-type="table-fn"}        40.05 (3, 11998)[^\*\*\*^](#TN8){ref-type="table-fn"}
  **OUTCOME IS ANXIETY**                                                                                                                                                                                                 
  Number of children in family         −0.09 (−0.26, 0.08)                                      −0.05 (−0.19, 0.09)                                         −0.10 (−0.26, 0.06)                                          −0.03 (−0.16, 0.10)
  Total co-occurring conditions        0.24 (0.08, 0.41)[^\*\*^](#TN7){ref-type="table-fn"}     0.21 (0.08, 0.35)[^\*\*^](#TN7){ref-type="table-fn"}        0.22 (0.06, 0.38)[^\*\*^](#TN7){ref-type="table-fn"}         0.10 (−0.04, 0.23)
  Dimension of Mindfulness             --                                                       −0.58 (−0.72, −0.45)[^\*\*\*^](#TN8){ref-type="table-fn"}   −0.27 (−0.43, −0.12)[^\*\*\*^](#TN8){ref-type="table-fn"}    0.67 (0.55, 0.79)[^\*\*\*^](#TN8){ref-type="table-fn"}
  *R^2^*                               0.05                                                     0.39                                                        0.13                                                         0.49
  *F (NDF, DDF)*                       3.98 (2, 17001)[^\*^](#TN6){ref-type="table-fn"}         29.96 (3, 12616)[^\*\*\*^](#TN8){ref-type="table-fn"}       6.96 (3, 17304)[^\*\*\*^](#TN8){ref-type="table-fn"}         44.51 (3, 12083)[^\*\*\*^](#TN8){ref-type="table-fn"}
  **OUTCOME IS DEPRESSION**                                                                                                                                                                                              
  Mother\'s education                  −0.17 (−0.33, −0.02)[^\*^](#TN6){ref-type="table-fn"}    −0.16 (−0.29, −0.03)[^\*^](#TN6){ref-type="table-fn"}       −0.20 (−0.35, −0.06)[^\*\*^](#TN7){ref-type="table-fn"}      −0.12 (−0.24, −0.01)[^\*^](#TN6){ref-type="table-fn"}
  Mother\'s marital status (married)   −0.41 (−0.81, −0.02)[^\*^](#TN6){ref-type="table-fn"}    −0.38 (−0.70, −0.06)[^\*^](#TN6){ref-type="table-fn"}       −0.29 (−0.67, 0.08)                                          −0.14 (−0.43, 0.15)
  Number of children in family         −0.04 (−0.21, 0.13)                                      −0.01 (−0.14, 0.14)                                         −0.07 (−0.23, 0.09)                                          0.01 (−0.12, 0.13)
  Total co-occurring conditions        0.18 (0.01, 0.35)[^\*^](#TN6){ref-type="table-fn"}       0.15 (0.01, 0.29)[^\*^](#TN6){ref-type="table-fn"}          0.16 (0.004, 0.32)[^\*^](#TN6){ref-type="table-fn"}          0.06 (−0.07, 0.18)
  Dimension of Mindfulness             --                                                       −0.55 (−0.69, −0.41)[^\*\*\*^](#TN8){ref-type="table-fn"}   −0.34 (−0.49, −0.19)[^\*\*\*^](#TN8){ref-type="table-fn"}    0.67 (0.56, 0.80)[^\*\*\*^](#TN8){ref-type="table-fn"}
  *R^2^*                               0.10                                                     0.41                                                        0.22                                                         0.53
  *F (NDF, DDF)*                       4.05 (4, 27619)[^\*\*^](#TN7){ref-type="table-fn"}       18.67 (5, 16340)[^\*\*\*^](#TN8){ref-type="table-fn"}       7.71 (5, 35938)[^\*\*\*^](#TN8){ref-type="table-fn"}         31.18 (5, 25909)[^\*\*\*^](#TN8){ref-type="table-fn"}
  **OUTCOME IS DAILY HEALTH**                                                                                                                                                                                            
  Mother\'s education                  −0.16 (−0.31, −0.01)[^\*^](#TN6){ref-type="table-fn"}    −0.15 (−0.30, −0.01)[^\*^](#TN6){ref-type="table-fn"}       −0.17 (−0.32, −0.01)[^\*^](#TN6){ref-type="table-fn"}        −0.12 (−0.26, 0.01)
  Number of children in family         −0.08 (−0.25, 0.08)                                      −0.06 (−0.22, 0.10)                                         −0.09 (−0.25, 0.08)                                          −0.04 (−0.19, 0.11)
  Total co-occurring conditions        0.32 (0.16, 0.48)[^\*\*\*^](#TN8){ref-type="table-fn"}   0.30 (0.15, 0.46)[^\*\*\*^](#TN8){ref-type="table-fn"}      0.31 (0.15, 0.47)[^\*\*\*^](#TN8){ref-type="table-fn"}       0.23 (0.08, 0.38)[^\*\*^](#TN7){ref-type="table-fn"}
  Dimension of Mindfulness             --                                                       −0.31 (−0.47, −0.14)[^\*\*\*^](#TN8){ref-type="table-fn"}   −0.09 (−0.25, 0.07)                                          0.42 (0.28, 0.57)[^\*\*\*^](#TN8){ref-type="table-fn"}
  *R^2^*                               0.12                                                     0.22                                                        0.13                                                         0.29
  *F (NDF, DDF)*                       6.73 (3, 40764)[^\*\*\*^](#TN8){ref-type="table-fn"}     9.63 (4, 12001)[^\*\*\*^](#TN8){ref-type="table-fn"}        5.25 (4, 19795)[^\*\*\*^](#TN8){ref-type="table-fn"}         14.82 (4, 32974)[^\*\*\*^](#TN8){ref-type="table-fn"}

*p \< 0.05*,

*p \< 0.01*,

*p \< 0.001*.

### General mindfulness (FFMQ)

General mindfulness, as measured by the FFMQ, was a significant predictor of all four maternal outcomes (Table [4](#T4){ref-type="table"}, Step2: Model A), such that increased general mindfulness was related to lower scores on measures of stress, (β = −0.58, *p* \< 0.001), anxiety (β = −0.58, *p* \< 0.001), depression (β = −0.55, *p* \< 0.001), and daily symptoms (β = −0.31, *p* \< 0.001). The severity of children\'s disability continued to be significantly related to stress (β = 0.15, *p* = 0.04), anxiety (β = 0.21, *p* = 0.002), depression (β = 0.15, *p* = 0.03), and daily health symptoms (β = 0.30, *p* \< 0.001) after including general mindfulness in the model. The effect of disability on each maternal outcome decreased slightly when general mindfulness was added to the model: effects reduced by 16.67% for stress, 12.50% for anxiety, 16.67% for depression, and 6.25% for daily health symptoms.

The total variation explained by each model of maternal health outcome increased moderately when mindfulness in parenting was added to the model, with the largest increase shown for the outcome of maternal anxiety: adjusted R^2^ = 0.05 in the unadjusted model and adjusted R^2^ = 0.39 in the model adjusted by general mindfulness.

### Mindfulness in parenting (BMP)

Mindfulness in parenting was a significant predictor of three maternal outcomes, such that higher mindful parenting was related to lower scores on measures of stress (β = −0.45, *p* \< 0.001), anxiety (β = −0.27, *p* = 0.001), and depression (β = −0.34, *p* \< 0.001). The severity of children\'s disability continued to be related to anxiety (β = 0.22, *p* = 0.007), depression (β = 0.16, *p* = 0.05), and daily health symptoms (β = 0.31, *p* \< 0.001) after including mindfulness in parenting in the model; the effect of disability on stress was no longer statistically significant at the *p* = 0.05 level (β = 0.14, *p* = 0.07). The effect of disability on each maternal outcome decreased when mindfulness in parenting was added to the model: effects reduced by 22.22% for stress, 8.33% for anxiety, 11.11% for depression, and 3.13% for daily health symptoms.

The total variation explained by each model of maternal health outcome increased slightly when mindfulness in parenting was added to the model, with the largest increase shown for the outcome of maternal stress: adjusted R^2^ = 0.03 in the unadjusted model and adjusted R^2^ = 0.23 in the model adjusted by mindfulness in parenting.

### Acceptance and flexibility (AAQ)

Acceptance and flexibility significantly predicted all maternal outcomes, such that better acceptance and flexibility was associated with lower stress (β = 0.67, *p* \< 0.001), anxiety (β = 0.67, *p* \< 0.001), depression (β = 0.67, *p* \< 0.001), and daily symptoms (β = 0.42, *p* \< 0.001).

The effect of children\'s disability severity on stress (β = 0.03, *p* = 0.63), anxiety (β = 0.10, *p* = 0.14), and depression (β = 0.06, *p* = 0.38) were no longer statistically significant at the *p* = 0.05 level when controlling for acceptance/flexibility. The severity of children\'s disability was still significantly associated with the mother\'s daily health symptoms (β = 0.23, *p* = 0.002) after controlling for acceptance/flexibility. The effect of disability on each maternal outcome decreased moderately to substantially when acceptance/flexibility was added to the model: 83.33% for stress, 58.33% for anxiety, 66.67% for depression, and 28.13% for daily health symptoms.

The total variation explained by each model of maternal health outcome often increased substantially when acceptance/flexibility was added to the model, with the largest increase shown for the outcome of maternal stress: R^2^ = 0.03 in the unadjusted model and R^2^ = 0.46 in the model adjusted by acceptance/flexibility. Further, the total variation explained by the model that included acceptance or flexibility was larger for the outcomes of maternal stress (R^2^ = 0.46), anxiety (R^2^ = 0.49), and depression (R^2^ = 0.53) and daily health (R^2^ = 0.29) than models of the same outcomes that included mindfulness in parenting (R^2^ for stress = 0.23, for anxiety = 0.13, for depression = 0.22, for daily health = 0.13) or general mindfulness (R^2^ for stress = 0.36, for anxiety = 0.39, for depression = 0.41, for daily health = 0.22).

Discussion {#s4}
==========

The primary goal of this study was to explore potential psychological processes that may serve as protective factors for women experiencing the dual vulnerability of having an *FMR1* premutation and parenting one or more children with FXS. A growing body of research shows that individuals with a premutation may have an increased biological risk for stress-related illnesses. Thus, understanding mechanisms that may be protective is of paramount importance and are critical for designing effective intervention strategies.

Our findings are consistent with previous research on parents of children with ID or autism ([@B38]--[@B41]). Specifically, acceptance was related to improved maternal stress, anxiety, and depression, and controlling for acceptance/flexibility lead to an attenuated relationship between child severity of disability and maternal health symptoms. Acceptance as a psychological construct reflects one\'s ability to take what is offered from life without trying to avoid experiences ([@B55]). Theoretically, greater levels of acceptance within the context of parenting a child with a disability suggests an ability to manage the challenges of child-rearing while remaining open and flexible to the experience of parenting. Improving the ability to cope and problem-solve while simultaneously accepting difficult thoughts and feelings is a key feature of many acceptance-based treatments ([@B22], [@B56]). In addition, preliminary evidence suggests that an intervention approach focusing on increasing acceptance can make a difference in the quality of life for both caregivers and the individual with special needs ([@B57]--[@B59]). These studies involved short term (1--2 day) workshops that provided didactic teaching, group discussions, and practical and interactive exercises based on the core principles of Acceptance and Commitment Therapy. While the sample sizes were small for these trials, the positive results suggest a strong potential for improving outcomes for parents of children with FXS through the inclusion of practices that increase psychological acceptance.

It is important to note that we used a measure of general acceptance, as opposed to one specifically for parents of children with an intellectual disability, which has been used in previous studies \[e.g., ([@B41])\]. However, our results were similar, suggesting that those who are higher in overall psychological acceptance likely apply that to the experience of parenting a child with an intellectual disability. However, a deeper exploration, perhaps through a mixed qualitative-quantitative approach into how mothers of children with FXS describe their levels of general acceptance and acceptance of their child\'s disability is warranted.

Also, as seen in previous findings, mindfulness and mindful parenting were both significantly related to maternal stress, depression, and anxiety. Trait mindfulness and mindful parenting were highly correlated, suggesting, as concluded by Jones et al. ([@B41]), that parents who are generally mindful are also mindful in the parenting context. However, while trait mindfulness was related to physical health, mindful parenting was not, suggesting a potentially different pathway by which general mindfulness may impact health.

It has been suggested that improvements in mindfulness and acceptance impact psychological and physical outcomes not directly, but rather indirectly through changing how individuals cope with stressors and appraise threats in their environment ([@B60]--[@B62]). For example, Weinstein et al. ([@B63]) found the individuals high in mindfulness were more likely to use healthier coping strategies when faced with stressors and were more likely to see potentially stressful events in their lives as benign. Consistent with the differential susceptibility hypothesis ([@B64]), women with a premutation---who are at increased genetic risk for stress vulnerability---may be especially responsive to interventions that promote coping strategies to manage stress. Future research on coping strategies used by mothers of children with FXS and how the constructs of mindfulness and acceptance are related to coping will be important to understand who is most likely to benefit from mindfulness-based intervention techniques.

Limitations and future directions
---------------------------------

The sample was non-representative, with primarily white, well-educated women responding; therefore, the generalizability of the findings is limited. We were also not able to get confirmation of genetic status and do not have independent reports from medical providers of the endorsed co-occurring conditions. Our measure of co-occurring conditions may be a conservative measure, as children may also have additional conditions not included. Data are concurrent, so causality and the direction of effects cannot be inferred. It may be that those with higher levels of mindfulness and acceptance have greater emotional and physical health or that those who are healthier are able to practice more mindfulness and acceptance. Finally, because all measures are completed by the same participant, there is a possibility that there is an inflation of effects due to response bias.

Despite these limitations, this study provides an important peek into the psychological processes that may prove to be protective for women with an *FMR1* premutation. Future directions include a deeper exploration with a larger, more diverse sample on these mechanisms to better understand how increased mindfulness and acceptance impact health outcomes and a longitudinal study to explore the direction of effect and impact on both child and parent outcomes. These results can inform the development of interventions that could be applied to individuals with a premutation in the hopes of improving long-term health outcomes for *FMR1*-premutation carriers.
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